Objectives-To compare a simplified ultrasonographic (US) protocol in 2 patient positions with the same-positioned comprehensive US assessments and highresolution computed tomographic (CT) findings in patients with idiopathic pulmonary fibrosis.
recently updated international guidelines. 2 In most patients, a confident diagnosis can be based on the presence of a typical pattern of usual interstitial pneumonia on high-resolution computed tomography (CT) combined with an appropriate clinical history, whereas lung biopsy is reserved for the remaining cases. 2 Interstitial pulmonary fibrosis, also considered part of interstitial syndrome, is increasingly being investigated by lung ultrasonography (US); however, the role of US remains currently under investigation. [3] [4] [5] [6] [7] [8] Interstitial syndrome encompasses a diverse group of clinical entities, including both acute and chronic conditions in the context of cardiogenic and noncardiogenic pulmonary edema and interstitial pulmonary fibrosis. 9 Research has focused mainly on the pulmonary involvement in patients with systemic sclerosis and rheumatoid arthritis, showing that US scores correlate with the extent and severity of pulmonary fibrosis on the "reference standard" chest high-resolution CT. 3, [5] [6] [7] [8] 10, 11 Similarly, a study on patients with idiopathic pulmonary fibrosis demonstrated that US scores in comprehensive protocols correlated with high-resolution CT findings. 12 Various US protocols for the evaluation of interstitial syndrome have been proposed to date. These are called comprehensive protocols. Most of them require extensive assessment of 50 to 72 lung intercostal spaces. 3, 4, 8, 13 A comprehensive lung US protocol, although potentially more suitable for a detailed evaluation of the distribution of interstitial lung diseases, may be time-consuming, compromising its wider application and efficiency in everyday clinical practice.
In light of such limitations, the utility of lung US has been further evaluated by using simplified 10-or 14-intercostal space methods in patients with systemic sclerosis and rheumatoid arthritis-related interstitial lung diseases. 4, [6] [7] [8] Moreover, it has been recently reported that lung US in the lateral decubitus position is feasible and appears to be faster and more convenient for the patient, and there appears to be no difference regarding the semiquantification of the number of B-lines compared to the sitting/supine position. 12 In this study, we sought to compare a simplified US protocol in 2 patient positions (sitting and left/ right decubitus) with comprehensive US protocols in the same patient positions and high-resolution CT findings in patients with idiopathic pulmonary fibrosis.
Materials and Methods

Patients
The study was conducted according to the Declaration of Helsinki and local regulations. Ethical approval was obtained from the University Ethics Committee, and written informed consent to undergo thorough lung US examinations was obtained from all patients.
Between October 2013 and February 2016, 25 consecutive patients who were referred to the Department of Thoracic Medicine, Interstitial Lung Disease Unit, of our university hospital were prospectively enrolled in the study. Inclusion criteria comprised the following: (1) an established diagnosis of idiopathic pulmonary fibrosis; and (2) recent (within 2 weeks before referral) chest high-resolution CT. The diagnosis of idiopathic pulmonary fibrosis was made after a team evaluation between pulmonologists, radiologists, and pathologists, who were experienced in interstitial lung diseases, according to the following international criteria: (1) exclusion of other known causes of interstitial lung diseases, including connective tissue disease, environmental exposure, and medication; (2) the presence of a usual interstitial pneumonia pattern on chest high-resolution CT; and (3) specific combinations of high-resolution CT and pathologic findings after surgical lung biopsy. 2 In 20 of 25 patients, the diagnosis of idiopathic pulmonary fibrosis had been established on the basis of on a usual interstitial pneumonia pattern on high-resolution CT, whereas in 5 of 25 patients with a possible usual interstitial pneumonia pattern on high-resolution CT, additional surgical lung biopsy confirmed the idiopathic pulmonary fibrosis diagnosis. Exclusion criteria consisted of the following: (1) any cause of lung interstitial fluid (heart failure, diastolic dysfunction, pneumonia, asthma, or pulmonary edema); (2) moderate or severe pleural effusion; (3) a history of pulmonary neoplasia; and (4) inability to complete all US examinations. Identification and exclusion of patients with lung interstitial fluid or pleural effusions were made on the basis of clinical data, echocardiographic results, and high-resolution CT findings, which were available in all cases. Of 43 patients initially recruited, 18 were excluded on the basis of the exclusion criteria. Eleven patients were excluded because of evidence of increased lung interstitial fluid, 2 because of pleural effusions, 4 because of a history of pulmonary neoplasia, and 1 patient because of patient intolerance to complete the lung US examinations.
Chest High-Resolution CT Technique All chest high-resolution CT examinations were performed at the Department of Radiology of our university hospital with a 16-row scanner (Somatom Sensation 16; Siemens AG, Erlangen, Germany) using a standard protocol. Acquisition parameters were as follows: 120 to 140 kV and 300 mA; slice thickness, 1 mm; and slice spacing, 10 mm. A bone reconstruction with a lung window was used. Images were obtained at full inhalation from lung apices to lung bases with the patients in the supine position. Patients with increased opacification in the posterocaudal segments underwent corresponding additional sections in the prone or lateral decubitus position to exclude gravity-dependent changes. No intravenous contrast material was administered.
Analysis of High-Resolution CT Findings
All chest high-resolution CT examinations were analyzed by a senior radiologist with 18 years of experience, who was blinded to clinical data, lung US results, and pulmonary function tests. Pulmonary involvement was evaluated according to a semiquantitative scoring system proposed by Warrick et al, 14 and the Warrick score was recorded for each patient.
Lung US Technique
A fifth-year radiology resident with 3 years of experience in joint and lung US performed all lung US examinations at the Department of Radiology of our university hospital, supervised by a senior chest radiologist with 20 years of experience in high-resolution CT and interstitial lung disease. Both examiners were blinded to the clinical data, high-resolution CT findings, and pulmonary function tests, and any discussion concerning the US findings between the evaluators during the US procedures had been restricted. A LOGIQ 7 machine (GE Healthcare, Milwaukee, WI) equipped with a 3-9-MHz microconvex transducer was used for all US studies. Imaging parameters were manually adjusted to ensure maximal contrast between the examined structures. Lung US was performed by placing the transducer parallel to the examined lung intercostal spaces while following anatomic reference lines.
All patients were examined during 2 sessions. At the first visit, all patients were examined twice by 2 different comprehensive 56-intercostal space lung US protocols, accordingly: During the supine/sitting comprehensive protocol, patients were examined in the supine position for the anterior chest and in the sitting position for the posterior chest, whereas during the decubitus comprehensive protocol, they were examined in the left lateral decubitus position for the right hemithorax and in the right lateral decubitus position for the left hemithorax. An assessment of the left anterior fifth intercostal space was not included in any of the protocols, as the heart impairs its optimal evaluation. An assessment of the 2 lowest intercostal spaces along the paravertebral lines was included because of the higher prevalence of idiopathic pulmonary fibrosis in the caudal lung segments. The anatomic landmarks used for the performance of the comprehensive 56-intercostal space protocol are listed in Table 1 .
During session 2, performed 2 weeks after session 1, each patient underwent two 16-intercostal space US protocols, accordingly: During the sitting simplified protocol, patients were examined in the sitting position, whereas during the decubitus simplified protocol, they were placed in the left lateral decubitus position for the right hemithorax and in the right lateral decubitus position for the left hemithorax. The 16 intercostal spaces constituting the simplified protocols were chosen on the basis of the known and predicted higher prevalence of idiopathic pulmonary fibrosis-related changes in these sites, according to high-resolution CT studies. 2 The distribution and anatomic landmarks of the 16-intercostal space US protocol are shown in Table 1 .
The study was randomized to which protocol was performed first during both sessions by performing the US protocols alternately. The durations of all An evaluation of interobserver variability for the comprehensive and simplified US protocols was performed during sessions 1 and 2, respectively, by the fifth-year radiology resident who performed the studies and the senior chest radiologist who supervised the procedures. Intraobserver variability for comprehensive US methods was evaluated in 10 patients during a different session 1 week after the initial comprehensive US studies. An evaluation of intraobserver variability for the simplified US methods was performed during another session 1 week after the initial simplified US studies in all patients. In total, 4 sessions were performed according to the following sequence: (1) comprehensive US studies (session 1); (2) evaluation of intraobserver variability for comprehensive US methods (1 week after the initial comprehensive US studies); (3) simplified US studies (session 2); and (4) evaluation of intraobserver variability for simplified US methods (1 week after the initial simplified US studies). Patients were asked not to discuss data regarding their previous lung US examinations or high-resolution CT findings.
Analysis of US Findings
All lung US studies were analyzed by the same investigators who performed the US examinations. Both investigators were blinded to other data.
During all US protocols in both sessions, the number of US B-lines was recorded in each intercostal space. A US B-line is defined as a vertical hyperechoic reverberation artifact that originates from the pleural line, extends deeply to the edge of the screen, and moves synchronously with the pleural line during the breathing cycle. In those intercostal spaces where B-lines were confluent, their absolute number was estimated by dividing the percentage of the intercostal spaces occupied by Blines by 10, according to international guidelines. 9 The sum of the number of B-lines in all intercostal spaces during the supine/sitting comprehensive protocol, decubitus comprehensive protocol, sitting simplified protocol, and decubitus simplified protocol resulted in a supine/sitting comprehensive US score, decubitus comprehensive US score, sitting simplified US score, and decubitus simplified US score, respectively.
Finally, in order to examine whether the correlation of the simplified US protocols and the Warrick scores varied with the disease severity, patients were categorized into 2 groups according to the severity of idiopathic pulmonary fibrosis as confirmed by the Warrick score on high-resolution CT.
Statistical Analysis
For the statistical analysis, MedCalc version 10.0 software (MedCalc Software, Mariakerke, Belgium) was used. Standard descriptive results were expressed as means and standard deviations. Univariate comparisons were made with 2-sample t tests. Correlations between parameters were made with the Pearson correlation. P < .005 was considered statistically significant. For the assessment of intraobserver and interobserver reliability between the investigators, weighted j statistics were calculated.
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Results
The mean age 6 SD of the 25 patients included in the present (19 male and 6 female) was 69.8 6 7.56 years (range, 55-83 years). The mean Warrick score was 18.00 6 4.72. The distribution of patients according to the Warrick score is shown in Table 2 .
A total of 1400 lung intercostal spaces were assessed for B-lines for each comprehensive US protocol. The examination of intercostal spaces was completed in 1396 spaces for each comprehensive US protocol because of 4 exceptions: the examination of the left fourth intercostal space in 1 patient and the examination of the left third and fourth intercostal spaces in another patient, along the parasternal lines, was not feasible by either comprehensive protocol because of excessive pericardial fat, as seen on the corresponding high-resolution CT images. Additionally, the depiction of the left 11th intercostal space along the paravertebral line was not feasible in 1 patient, probably because of the presence of variation in the attachment of the left hemidiaphragm.
A total of 400 intercostal spaces were evaluated for B-lines for each simplified US protocol. The examination of intercostal spaces was completed in 399 spaces for each simplified US protocol because of a lack of depiction of the left 11th intercostal space along the paravertebral line in either the sitting or decubitus simplified US protocol in the same patient as described above.
A statistically significant correlation was found between the supine/sitting comprehensive US scores, decubitus comprehensive US scores, sitting simplified US scores, decubitus simplified US scores, and Warrick scores (r 2 5 0.94, 0.95, 0.83, and 0.88 respectively; P < .0001; Figures 1-3) . A positive correlation was found between the supine/sitting comprehensive US score and sitting simplified US scores (r 2 5 0.9; P < .0001) as well as between decubitus comprehensive US scores and decubitus simplified US scores (r 2 5 0.91; P < .0001). A positive correlation was found between the sitting and decubitus simplified US scores (r 2 5 0.96; P < .0001). There was no statistically significant difference between sitting and decubitus simplified US scores (P 5 .065), although a lower decubitus simplified US score than sitting simplified US score was found in all patients (mean, 97.7 6 26.00 and 111.80 6 26.79, respectively).
Additionally, according to the Warrick score, patients were categorized into 2 groups: group 1 included 12 patients with a Warrick score ranging from 8 to 17, whereas group 2 encompassed the remaining 13 patients with a Warrick score ranging from 18 to 27. The sitting and decubitus simplified US for group 1 (r 2 5 0.74 and 0.80, respectively) showed a better correlation with the Warrick score than the sitting and decubitus simplified US scores for group 2 (r 2 5 0.68 and 0.74). In our department, the j values for the interobserver/intraobserver reliability for B-line semiquantification during the supine/sitting and decubitus 56-intercostal space comprehensive protocols are known to be 0.809/0.817 and 0.825/0.812, respectively. The j values for interobserver reliability were 0.794 and 0.834, whereas the j values for intraobserver reliability were 0.828 and 0.846 for sitting and decubitus simplified protocols.
The duration of the decubitus simplified protocol (mean, 4.76 6 1.64 minutes; range, 2-7 minutes) was significantly shorter compared to the sitting simplified protocol (mean 6.20 6 1.80 minutes; range, 3-9 minutes; P < .005). Significant differences between the durations of the sitting and decubitus simplified protocols compared to the supine/sitting comprehensive protocol (mean 22.8 6 3.25 minutes; range, 14-29 minutes) and decubitus comprehensive protocol (mean 19.2 6 4.10 minutes; range, 9-25 minutes) were found (P < .0001). 
Discussion
This study introduced and compared 2 simplified US protocols including 16 lung intercostal spaces in patients with idiopathic pulmonary fibrosis that were performed in the sitting and decubitus positions, showing significant correlations with corresponding comprehensive US protocols performed in the same patient positioning and with high-resolution CT findings. The 16-intercostal space simplified protocol in the lateral decubitus position correlated better with high-resolution CT findings and was less time-consuming compared to the 16-intercostal space simplified protocol in the sitting position. To our knowledge, simplified lung US protocols have not been previously evaluated in patients with idiopathic pulmonary fibrosis.
Idiopathic pulmonary fibrosis is defined as a specific form of chronic progressive fibrosing interstitial pneumonia of unknown cause, which is associated with the histopathologic and radiologic patterns of usual interstitial pneumonia.
2 High-resolution CT is routinely performed as a first-line diagnostic tool. 2 In light of new therapeutic options, high-resolution CT has been increasingly used in several drug trials as a surrogate index for assessing the treatment response as well as for monitoring progressive disease. 2, [16] [17] [18] The use of highresolution CT as a follow-up method, however, is hampered by cost issues and risks associated with ionizing radiation, which is an issue of utmost importance once we consider the potentially increased risk of lung cancer in patients with idiopathic pulmonary fibrosis. 19, 20 Lung US represents an easily available, noninvasive, nonionizing, low-cost, and easy-to-learn method, which could potentially provide some solutions to these limitations. In patients with interstitial lung fibrosis, US findings comprise the presence of multiple B-lines in an inhomogeneous distribution accompanied by pleural and subpleural abnormalities. 9 The role of lung US in the assessment of pulmonary fibrosis remains less thoroughly investigated compared to other lung diseases. Currently, investigations have focused on systemic sclerosis and rheumatoid arthritis-related interstitial lung diseases, 3, [5] [6] [7] [8] 10, 11 demonstrating that US scores correlate with the presence and severity of pulmonary fibrosis on chest high-resolution CT. To our knowledge, there was 1 recent study on patients with idiopathic pulmonary fibrosis, which compared comprehensive lung US protocols with high-resolution CT findings and showed statistically significant correlations. 12 The selection of the 16 intercostal spaces that constituted the simplified protocols was based on the known and predicted higher prevalence of idiopathic pulmonary fibrosis-related changes on high-resolution CT. This prevalence reflects the distribution of a usual interstitial pneumonia or possible usual interstitial pneumonia pattern on high-resolution CT, which is strictly characterized by subpleural and basal predominance of fibrotic changes. 2 The 16 intercostal spaces that constituted the simplified protocols presented herein were different compared to previous studies that tested simplified US methods in patients with systemic sclerosis and rheumatoid arthritis-related interstitial lung diseases. 4, [6] [7] [8] The above difference could be attributed to the different patterns of lung involvement between rheumatologic diseases and idiopathic pulmonary fibrosis. In particular, the most prevalent high-resolution CT pattern seen in systemic sclerosis-related interstitial lung diseases is nonspecific interstitial pneumonia, 21 whereas rheumatoid arthritis may be expressed as a usual interstitial pneumonia pattern (40%-62% of cases) or a nonspecific interstitial pneumonia pattern (11%-32% of cases). 22 On the other hand, the diagnosis of idiopathic pulmonary fibrosis strictly requires a usual interstitial pneumonia or possible usual interstitial pneumonia pattern on high-resolution CT. 2 The usual interstitial pneumonia pattern is strictly characterized by the presence of reticular opacities, which are often associated with traction bronchiectasis and honeycombing with a basal, subpleural predominance. 2 If honeycombing is absent, but the imaging features otherwise meet criteria for usual interstitial pneumonia, the imaging features are regarded as representing possible usual interstitial pneumonia. 2 The nonspecific interstitial pneumonia pattern on highresolution CT is shown as prominent areas of ground glass opacity (especially in the cellular form), fine reticular abnormalities, and traction bronchiectasis (especially in the fibrotic form) in a lower-zone diffuse or random distribution, often showing a peribronchovascular predominance with subpleural sparing. 23 In a previous study comparing a simplified US protocol with the corresponding comprehensive US protocol and high-resolution CT findings in patients with rheumatoid arthritis-related interstitial lung diseases, 4 the simplified protocol was derived from the comprehensive protocol by performing a simple post hoc analysis based on the greatest number of B-lines. The time points at which the US evaluations were performed were not specified; however, when considering that for performing a post hoc analysis, the comprehensive US protocols should have been completed in all patients, we speculate that the simplified US protocols were performed after the completion of the initial evaluations in that study. This factor was why, to ensure stability in the degree of fibrosis for each patient throughout our study, which lasted for more than 2 years, we chose to perform the simplified US protocols 2 weeks after the comprehensive US examinations and less than 4 weeks after the high-resolution CT scans.
The lower decubitus simplified US score compared to the sitting simplified US score in all patients and the slightly higher correlation of the decubitus simplified US score with the Warrick score could be attributed to the following factors: (1) the phase of deep inhalation of the examined hemithorax in the lateral decubitus position, which was in accordance with a similar respiratory phase at which high-resolution CT images are routinely acquired; and (2) the paramediastinal shifting of dependency-related changes during US examinations in the lateral decubitus position, as has been previously reported for comprehensive US assessments in the lateral decubitus position. 12 The main limitation of our study was the low number of the enrolled patients. In studies with larger numbers of patients who had rheumatologically related interstitial lung diseases evaluated by lung US, Warrick scores were lower compared to our study. 3, [5] [6] [7] [8] 10, 11 It is known that the higher the Warrick score, the more difficult it is to access US B-lines and achieve a reproducible US score. 4, 8 Although small, our study population had a wide range of degrees of pulmonary fibrosis, with Warrick scores ranging from 8 to 27, which is an issue of importance, as it enables the evaluation of the full spectrum of fibrotic lung disease on lung US. Additional US studies including higher numbers of patients with idiopathic pulmonary fibrosis may be needed to provide additional data regarding the evaluation of pulmonary fibrosis, especially in the context of the accuracy of simplified protocols and patients' follow-up.
In conclusion, this study introduced and thoroughly evaluated 2 simplified lung US protocols, which showed a high correlation with the corresponding comprehensive protocols and high-resolution CT findings. These protocols may have the potential to be regarded as additional tools for the evaluation of patients with idiopathic pulmonary fibrosis, especially in the context of follow-up and treatment responses. High-resolution CT unquestionably remains the reference standard imaging technique for the evaluation of interstitial lung diseases. However, in light of the evolving role of lung US in the evaluation of pulmonary fibrosis, the establishment of simplified, easy, and fast US methods that maximize efficacy in everyday clinical practice appears to be more than appealing, at least from a practical point of view.
